partner of the firm in 1938 and became Senior Partner in 1955, spending his whole career with the firm until his retirement in 1977. He had a reputation within the firm that he was capable of doing any job quicker and better than anyone else. After retiring as Senior Partner in 1977 he continued as a senior consultant to the firm until 1984. He was elected a Fellow of The Royal Society in 1969, he was a founding Fellow of the Fellowship of Engineering (now the Royal Academy of Engineering) in 1976 and he was knighted in 1973. He returned to Jersey for his retirement, retaining his sharp analytical mind and clear thinking up to the time of his death on 7 April 1999 at the age of 93.
Sir Angus Paton was known as a world authority for his work on hydroelectric projects, but his overall contributions can be divided into various categories, chiefly marine works, industrial projects, war work, economic surveys and hydroelectric projects. His work took him abroad for a total of 3152 days, involving visits to 48 countries.
M 
One of the first jobs on which Angus Paton worked for Sir Alexander Gibb and Partners was design and jetty construction for Barking Power Station, including the supervision of pile driving. This project was one on which work by the firm continued for about 40 years. His first job as a resident engineer was on the extension of Cliff Quay at Ipswich. The work consisted of precast concrete piles 75 feet long, 18 inches × 18 inches in cross-section, with a concrete deck on the north shore of the River Orwell, over a length of 600 feet.
After this he was seconded as sub-agent to Rangoon Port Trust, where G.A. Maunsell, who went on to start his own firm of consulting engineers, had prepared the scheme of design and construction. The wharf was located between two existing screwpile wharves. The face of the wharf was formed with two rows of concrete cylinders and the two-storey transit shed was carried on precast concrete piling 75 feet × 18 inches × 18 inches, similar to those used at Ipswich. The decking was designed for heavy loading for the export of lead. The work is described in the monthly publication Dock and Harbour Authority in May 1931. Paton gained valuable interesting experience here, particularly in management and costing accounting. A serious earthquake took place on 5 May 1930 centred near Pegu. It caused considerable damage and although some houses collapsed in Rangoon there was no damage to the job. The work was officially opened on 20 February 1931 and when he visited it again on 2 November 1977 the then Sir Angus observed that the Strand Market Wharf was still showing no sign of deterioration in its concrete, although transit sheds had been destroyed in the war.
Paton had started preparing a paper for the Institution of Civil Engineers (ICE) on the Rangoon project but there was no time for its completion as he sailed to Canada on 10 April 1931. Sir Alexander Gibb had been appointed by the Dominion Government to perform a national ports survey covering the efficiency of existing facilities, additional facilities required for the next 25-50 years and the best method of administration. Ralph Freeman-another famous civil and structural engineer who founded his own firm and designer of the famous Sydney Harbour Bridge-came out for about six weeks during the course of work. In June, while Paton was on the four-day train journey to Vancouver, a serious fire destroyed five timber berths in the harbour of Saint John, New Brunswick, and the team was asked to organize the rebuilding urgently required to enable the port to function when the St Lawrence froze up in late November and the ports of Quebec and Montreal could not be used. Sir Alexander Gibb's report on the survey of national ports was issued on 15 January 1932 but was not implemented until MacKenzie King's government; the recommendations continued to be applied until the 1970s.
I 
Paton's first major responsibility for supervision of site construction was as resident engineer for Guinness Brewery in Park Royal, London, from October 1933 to October 1936. The choice of site was highly confidential because Guinness did not wish any of their competitors to know that they were contemplating the opening of a brewery in London. The site had been formerly used for the Royal Agricultural Show. The ground conditions of yellow clay required precast concrete piles 40 feet long, 12 inches × 12 inches in cross-section. The buildings were steel-framed with brick cladding and the malt silos were built in concrete with continuous pouring and sliding shutters. The railway sidings were linked into the Great Western Railway network. The work cost £3 million and was performed when the cost of construction was at its lowest point for many years in the UK.
On the strength of the success of this work the firm was successful in obtaining further work between 1937 and 1940 financed by the government for trading estates under the Special Areas (Development and Improvement) Act covering Team Valley, Treforest and Cumberland. During this period Paton became a partner of Sir Alexander Gibb and Partners and had a major role in the design and supervision of civil engineering work including the layout and design of standard-type factories and the development of existing mill buildings in Cumberland.
Starting in 1945, Paton had responsibility for two large industrial jobs for the textile industry. The first, for Patons & Baldwins (no relation) at Darlington, Durham, involved the construction of a knitting-wool factory and the job was completed without problems. The second was work for Courtaulds and involved a factory for producing continuous-filament rayon at Carrickfergus, Northern Ireland. In this case problems arose because the client made alterations to plant layout and other requirements and Paton had to explain to the Courtaulds Board that these were the reasons for an increase in expenditure from £4 million to £5 million. Both of these jobs were completed in about 1951. Paton also had responsibility for work at the Avery Foundry (1950-54) on the site of the Royal Ordnance factory but at about this time Sir Alexander Gibb decided that the firm should reduce its involvement in industrial work and concentrate more on jobs such as dams, hydroelectric schemes, roads and airports.
At a later stage, the firm received the contract to report on the modernization of the existing works of the Royal Mint at Tower Hill (protected for 600 years by guns in the Tower of London). The outcome was the decision that the new Mint should be located at Llantrisant near Cardiff, and Paton was responsible for the team designing the structural and civil work. The factory was finished on time to produce the new decimal coinage as required.
In 1982, after he had retired from the position of Senior Partner of the firm but was retained as a senior consultant, Sir Angus was assigned to give advice to BP on the deterioration of concrete at a refinery for liquefied natural gas on Das Island, close to Abu Dhabi. The work involved a site inspection study of cores, tests on the concrete and recommendations on repairs.
W , 1939-45 There was much scope for Angus Paton's engineering skills during the war, both at home and abroad. He assisted in trading-estate work in South Wales when factories were being reorganized for the war effort and in finding sites and designing factories for Royal Ordnance. In March 1940 he travelled out to Turkey to the Karabuck Iron and Steel works being constructed by the British firm Brasserts; Sir Alexander Gibb and Partners was responsible for general supervision.
The firm was commissioned to design the concrete emplacements for guns formerly used on battleships to be installed to protect the Bosphorus in the Dardanelles. Although Paton inspected the civil engineering work in April 1940, unfortunately the guns never reached Turkey because the Germans overran Greece and the Aegean. Paton returned home to England via Greece, Italy and France, arriving two days before Italy declared war. It was during the war years that responsibility for running the firm fell largely to James Guthrie Brown and Angus Paton.
During 1940 and 1941, a plant was designed for the extraction of magnesium hydroxide from the sea at Barry Docks, South Wales. Between 1941 and 1943 the firm was appointed on the recommendation of the President of the ICE to design and supervise a large underground factory for the manufacture of aeroplane engines. The work consisted of clearing rubble in bathstone quarries, 100 feet below ground, checking and, as necessary, corseting the supporting pillars about 10-12 feet high, concreting the floor, which sloped at 1 in 23, forming access shafts and providing air conditioning and power installation. The work was performed on a 'cost plus' contract and the final cost was about £7 million. Machine tools and other equipment were installed but it is doubtful whether any completed engines were produced, because by the time it had all been completed the bombing of factories had largely ceased.
During 1943 and 1944 Paton organized staff for the supervision of a number of the reinforced concrete caissons and Phoenix units that were part of Mulberry Harbour for the invasion of France. The larger units were built in excavated basins behind the left banks of the Thames below Barking, and when half completed the banks were cut, the units were floated out at high tide and towed to docks and the upper parts were completed. The basic design had been created by Sir Bruce White. Using this same principle of flooding shallow basins, Paton was also involved in designing a floating bridge to cross the English Channel. This took the form of a T cross-section made up of steel plates in a honeycomb type of welded construction. The units were 500 feet long and 50 feet wide. The main difficulty would have been in providing adequate anchoring under storm conditions. The scheme did not proceed.
During 1944 and 1945 Paton was involved in organizing staff to supervise the repairs of damage to housing from V2 bombings at Wanstead and Woodford, Winston Churchill's constituency. On average, each V2 exploding in a housing area seriously damaged five to seven houses and caused minor damage to a further 50.
E 
The economic surveys associated with the national ports of Canada from 1931 to 1932 have already been mentioned. In 1946, after Alistair Gibb's membership of a British Trade Mission to the Middle East, the firm was appointed by the government of Syria to prepare an economic survey of the country. Angus Paton was made the responsible partner for this work, the requirement being to recommend works to be constructed to improve the economy. The work involved visiting many cities and towns, travelling over country areas by plane and car and holding discussions with government ministers. The report was issued in 1947 and recommended the expansion of the port of Latakia, the building of a dam on the Euphrates River storing water up to the Turkish boundary, and the construction of a pipeline and canal for water supply and irrigation around Aleppo. The implementation of these projects had a chequered history.
After preparing designs and obtaining international tenders for the works on Latakia Harbour, disagreements occurred with the clients when a lower tender was received from one organization about two weeks after the closing date. Paton was responsible for his firm's withdrawing from the project when the clients refused to permit other tenderers to make revised submissions. Although further work on that particular job was lost, construction did in fact proceed to the Gibb design and the incident did much to enhance the reputation of the firm for honesty and integrity. The water supply and irrigation scheme to serve Aleppo and the dam to the Euphrates were constructed by other countries after attempts were made to place unreasonable contract conditions on Gibb. The firm was appointed in 1964 to prepare the large irrigation scheme taking water from the reservoir to the Euphrates Dam, which had by then been built by the Russians at Tabqa near Raqqa. There were some awkward moments during the war between Syria and Israel in 1967, and wives and children had to be evacuated to Turkey for a while.
A similar economic survey was completed for the government of Lebanon from 1947 to 1948. The country was largely dependent on remittances from Lebanese emigrants to the USA and so only one major and several minor schemes to improve the economy were recommended. Details of the major hydroelectric scheme are given later.
In 1950 a survey was undertaken to assess the need for an East African Railways link from the Copper Belt in Northern Rhodesia (now Zambia) to the Indian Ocean ports of Dar-esSalaam and Mtwara in Tanzania with a branch into Nyasaland (now Malawi). Traffic in minerals and other goods was assessed to see whether such a railway link would be warranted. East African Railway engineers studied the most suitable route for the link, whereas Gibb reported on potential traffic. The report concluded that it would not be economic but in the 1970s, when Rhodesia made its Unilateral Declaration of Independence and was causing difficulties with the export of copper from Zambia, the railway link to the Indian Ocean ports was built by the Chinese. Gibb were supervising road construction in Tanzania when they encountered the Chinese railway gangs, who had to be requested not to run their trucks over the unfinished road formation, which was also to be used for copper exports.
H 
It is in the field of hydroelectric schemes that Angus Paton became regarded as a world authority. A number of these schemes are described in the references given at the end of the memoir (1-8). His projects in this field began with a hydroelectric development in North Wales in 1927 and continued until 1985 when as senior consultant to Gibb he finished working on the project in James Bay, Quebec; they included several that gained worldwide repute.
The Welsh project at Maentwrog in North Wales involved the supervision of work to build four concrete dams; one of these was an arch 114 feet high that later leaked badly, probably owing to too much crusher dust in the aggregate. The head of water was 1130 feet and was used to drive two impulse turbines of about 6 megawatt capacity.
Paton
From 1946 to 1955 he also worked on the Owen Falls Hydro-electric Scheme in Uganda. This scheme on the White Nile, two miles downstream of the outlet of Lake Victoria, controlled the lake, which is the size of Ireland. It comprised a concrete gravity dam 100 feet high and a power station of 10 turbines, with total capacity of 150 megawatts, providing power for Uganda and Kenya. The contractors for the civil work were a consortium of three firms, namely Kier, Nuttall, and a Dutch firm, headed by Olaf Kier. Some years later, to commemorate his 40 years of work as a contractor based in Great Britain, Olaf Kier, born a Dane, had discussions with Angus Paton about presenting £100 000 to the ICE. Her Majesty The Queen, accompanied by Prince Philip, opened the work on 29 April 1954. The six control gates were closed for a few hours before The Queen pressed a button and opened them again. This was the first time in history that the White Nile had been stopped. Winston Churchill, who was Prime Minister at the time, observed, 'it is possible that nowhere else in the world could so enormous a mass of water be held up by so little masonry'. On the Kariba site the supervision was split between English and French representatives, which did not work well but survived. Considerable thought was given to the location and comfort of staff and labourers. The work finished on time despite a tight schedule, the first power being produced in December 1959. Two floods caused temporary delays. The first small one flooded the left bank cofferdam; the second, in February 1958, twice the flood of record, peaking at about 630 000 cusecs (cubic feet per second), was far more serious, flooding the main circular cofferdam and destroying the access bridge. No damage was caused to the permanent work and some of the extra costs were recouped from an insurance claim. The main work was completed on time at a cost of about £80 million, saving £5 million on the 1955 estimate, although the civil engineering work exceeded its estimate by about £3 million. A 25-year assignment on the Indus Basin, followed by involvement in the Tarbela Dam, started in 1960 when the firm was appointed by the World Bank to assist in general supervision of the entire Indus Basin Scheme. Angus Paton was the partner in charge until his retirement in 1977, and a number of senior engineers were involved in checking designs in London and supervising progress at various construction sites. Although not implemented until the 1960s, the Indus Basin Project had its roots in riparian problems created by the partition of India and Pakistan in 1947, because the new international border cut across an important part of the Indus river system, creating a serious international water problem over division of water rights between the two countries. The scheme comprised a storage dam on the River Jhelum at Mangla and 350 miles of major link transfer canals joining the Indus, Jhelum, Chenab, Ravi and Sutlej rivers. The net transfer of water involved was 14 million acre feet (6.1 × 10 11 cubic feet) per year and this provided irrigation of about 5 million acres. The work also included the remodelling of some existing barrages and canals and the provision of new barrages and headworks where link canals intercepted and crossed rivers. Initially the Indus Basin Development Fund provided for funds of about US$900 million, but rising costs increased it to US$1200 million. Mangla was a very large earth dam of 143 million cubic yards, 200 feet in height with a massive spillway of 2.6 million cusecs capacity, requiring 2 million cubic yards of concrete. Construction took place between 1962 and 1968.
In 1960 the Minister of Water Affairs in South Africa issued a report on the harnessing of the Orange River, which rises in the mountains of Lesotho and flows for 1400 miles to the Atlantic, forming the boundary between South Africa and Namibia. The river suffers considerable flooding. Two dams were included in the scheme to provide flooding control, water supply, power and irrigation. A diversion tunnel 50 miles in length was included for irrigation purposes in the Fish River basin to the south. The Minister considered that consulting engineers with international experience were necessary to prepare detailed designs and to supervise the major work. Embassies in countries in the Western world were requested to submit the names of suitable firms in 1962. About 50 firms were finally listed and from those the Minister selected two: Coyne & Bellier of France, and Sir Alexander Gibb and Partners from the UK. The South African government then decided that there should be involvement from selected home consultants; as a result, a consortium was formed that included Hawkins and Osborne and was called Gibb Hawkins and Partners. The other companies formed a consortium known as the International Orange River Consultants (IORC). The second stage of the Kariba project took place between 1969 and 1974 and comprised the construction of an underground powerhouse, intakes and tailraces, with 600 megawatts capacity, on the left bank of the Zambesi downstream of the dam. Gibb were responsible for the design, which was vetted by Coyne and Sogei to ensure the safety of the dam. This project was plagued by political difficulties and problems when the contractor became insolvent, although the work was subsequently completed efficiently by a Yugoslav contractor who had just finished a similar installation on the Kafue River.
In 1967 the World Bank extended the appointment of Gibb to supervise, on general lines, the design and construction of the Tarbela Dam in Pakistan. This was another big project for which Paton was responsible until his retirement in 1977. At the time of conception, Tarbela was 50% larger in volume than any previous embankment dam, and was three times larger than the Aswan High Dam. The dam stands on 180 metres of highly pervious alluvium. As a cut-off wall was impracticable it was necessary to provide an upstream blanket. At 14 metres' diameter the four diversion tunnels were large and located in the very poor rock that existed generally on site. The two stilling basins were unique energy dissipaters with a hydraulic loading twice that of any comparable structure. The spillways were among the largest in capacity ever constructed and had to be used at high discharge for three months every year. The Project Design Consultants were Tippetts-Abbett-McCarthy-Stratton (TAMS) of New York, assisted by a board of specialist consultants.
The civil engineering contractor Tarbela Joint Venture (TJV) was a consortium sponsored by Impregilo of Milan headed by Lodigiani, three French firms and later five West German and two Swiss firms. They were awarded the contract on the basis of competitive tendering in May 1968. The Pakistani labour force proved very capable and efficient, operating the modern plant with great skill. Some of the main statistics of the Tarbela project are as follows:
Storage volume of reservoir 13.7 × 10 9 m 3 Volume of main dam 126 × 10 6 m 3 Maximum height 143 metres Volume of two auxiliary dams 16.5 × 10 6 m 3 Power plant 12 units, 175 megawatts each Total ultimate capacity 2100 megawatts.
In view of the size of the project, safety measures were required to have been formulated in the commissioning of the dam. The first filling of the dam was restricted to 20 metres below the maximum. The extensive instrumentation indicated the performance of the dam to be entirely satisfactory. However, there were major problems in the stilling basins, tunnels and upstream blanket. Serious cavitation erosion occurred in the stilling basins at the outlets of tunnels 3 and 4. The gate guides jammed in tunnels 1 and 2 and this led to the destruction of about 60 metres length of tunnel 2 and the erosion and washing downstream of 46 000 m 3 of rock at the intakes. Although repairs were completed swiftly by the contractors, further damage occurred to the stilling basins in 1975 and 1976 and operation was confined to half gate openings until 1980 when the discharge to tunnel 4 was modified to a different system. After the reservoir had been drained at the end of 1974, sinkholes were found in the upstream blanket owing to migration of fine material into the underlying open work zones. This was overcome by thickening the blanket to 15 metres before the next year's filling.
Despite the problems during construction and commissioning, the economy of Pakistan has benefited greatly from the power generation at Tarbela, particularly in saving on importing oil. Arrangements were made to increase the capacity of the station from 700 to 2100 megawatts. In addition, the storage of water has been of great benefit to crop production. It has been predicted that there will be problems with silting up of the reservoir in about 50 years but that the water flow will still enable power operation to continue.
As Senior Consultant to the firm between 1979 and 1985, Paton worked on the James Bay project in Quebec. Work had begun in 1970 and was half completed when he joined the construction. It was one of the largest hydroelectric schemes in the world, with an installed capacity of 10.5 × 10 6 kilowatts in four main stages. The work included five aerodromes, 800 miles of access roads and construction camps for 11 000 workers, and comprised 207 dams and dikes of a total length of 76 miles to contain the reservoirs. Four powerhouses were constructed, the largest being half a mile long underground with 16 turbo-alternators, each of 333 000 kilowatts capacity. The work was substantially complete in 1984, including the 700-mile-long transmission lines to Montreal. Paton's role was advisory but the design and construction closely followed his practice and experience. 
